Abstract
Introduction Tuberculosis (TB) is one of the most important infectious diseases worldwide. The World Health Organization (WHO) estimated that during 2015 there were 10.4 million new cases, with a mortality of 1.4 million people; [1] Perhaps one of the most significant factors that impact on control is resistance to first and second line antimicrobials. The resistance among all tuberculosis cases to any drug has ranged from 0% to 70.4%, to isoniazid from 0% to 60.3% and to rifampicin 0% to 44.4%. [2] Isoniazid Mono-Resistance (IMR) is the most common form of mono resistance, and its world prevalence is estimated to range between 0.0 to 9.5% globally (0.0 to 12.8% among new cases and 0.0 to 30.8% among retreated cases). [2] Burden of TB in Mexico, with 22,294 cases in 2015 (estimated incidence rate of 21, 95 per cent confidence interval (95% CI) 17 to 25 cases per 100,000 inhabitants) and mortality rate of 2.5 (1.8-3.2) per 100,000 inhabitants, [1] entails important loss of potential years of healthy life. Even though several aspects that improved policies and management practices of the country's National Tuberculosis Prevention and Control Program (e.g. national implementation of WHO's Directly Observed Therapy-Short course (DOTS) strategy in 1996, creation of the National Tuberculosis Registry, reinforcement of laboratory network and extended availability of first and second line drugs with no cost to patients) have improved since 2000, there are still challenges that hinder TB control. Data from the Mexican Survey on Drug Resistance indicated that in 11.6% of instances disease was caused by strains resistant to a single drug; in 3.5% by strains resistant to one or more drugs (excluding combined resistance to isoniazid and rifampin) and in 2.8% by multidrug resistant (resistant to isoniazid and rifampin) strains. Prevalence of IMR was 3.7% (2.6%-5.1%) overall (3.5% [2.4%-5.1%] among new cases and 6.2% [2.6%-14.0%] among retreated cases). [3] The WHO standardized schedules have proven to be very efficient in patients with susceptible TB, however, outcomes have been poor when administered to retreated patients, as has been proven in clinical trials [4] and programmatic conditions. [5] Regarding IMR, the more recent WHO recommendations, stated that the evidence available on the treatment of IMR could not address the patient, intervention, comparison and outcome questions [6] and therefore the optimal schedule is still cause for debate. IMR treatment results under established program conditions are variable [7] [8] [9] [10] depending on drug resistance prevalence and on whether rifampicin is used throughout treatment. [9] Since 1995 we have conducted a prospective population-based study in TB patients in Southeast Mexico. We have previously described the clinical consequences and trends of drug resistance. [11, 12] The present study had the purpose of describing clinical outcomes and risk factors of IMR among pulmonary TB patients.
Methodology

Study population and enrolment
We conducted a prospective observational cohort study of TB patients as has been previously described. [13, 14] Briefly, the study area includes 12 municipalities in the Orizaba Health Jurisdiction in Veracruz State, Mexico. The study site has an area of 618.11 km 2 and 413,223 inhabitants, 26.3% of whom live in rural communities. [15] Between March 1995 to April 2010, we performed passive case findings supported by community health workers and screened persons >15 years old who reported coughing for >15 days. Consenting patients with acid-fast bacilli (AFB) or Mycobacterium tuberculosis grown in sputum samples were consecutively recruited over the 15 years and underwent epidemiological, clinical (standardized questionnaire, physical examination, chest radiography, and HIV test), microbiological and molecular evaluations. Chest X-rays were assessed independently by certified radiologists. Staff classifying study outcomes were not blinded, radiologists were blinded to patients' drug resistance pattern. Personnel were trained in the administration of standardized questionnaires that included previously validated questions. Community health workers ascertained the "homelessness" of participants. We performed cultures on smear-positive sputa from 1995 to 2000; on all sputa (both smear positive and smear negative) from 2000 to 2005; and on sputa from all previously treated TB patients, as well as any new TB patients considered at high risk of having drug resistant TB from 2005 to 2010. Drug susceptibility results were made available to physicians in charge.
Patients received treatment at the local health centers and were followed though the end of their treatment regimen. AFB smears were conducted monthly and at the end of treatment. In the case of patients with smear negative initial results, cultures were conducted at the end of treatment. Treatment was administered at health centers and supervised by health personnel. After treatment was completed, we visited patients' households annually and administered standardized questionnaires. We collected sputum samples when available to perform smears and MTB cultures, DST and molecular fingerprints to investigate recurrences, relapses, reinfections and vital status, as defined in Table 1 .
Investigators selected and trained the field team composed of physicians, nurses, and field workers who conducted consenting, epidemiological and clinical evaluation and follow-up of patients. A general coordinator supervised field activities and acted as link with the investigators and laboratory team. Periodical meetings were conducted between investigators and field and laboratory teams for monitoring recruitment, clinical activities and follow up.
Following the guidelines of Mexico's National TB Control Program, between 1995-1998, new cases received two months of isoniazid (H), rifampin (R) pyrazinamide (Z) plus four months of HR (2HRZ/4HR) and retreatment cases also received either ethambutol (E) or streptomycin (S). After 1998, the local health jurisdiction adopted the WHO standard schedule of initiating therapy with 4 drugs (2HRZE/4HR) for newly diagnosed patients and 5 drugs (2HRZES/1HRZE/5HRE) for previously treated patients. [16] The Mexican TB Control Program did not include a specific schedule for MRI. Fluoroquinolones were not included in treatment schedules for these patients.
Treatment was administered under Directly Observed Treatment Short course (DOTS) that included direct and supportive observation (DOT) of drugs by health personnel so as to ensure that prescribed drugs were taken at the right time for the full duration of treatment. [16, 17] We used the program's operational definitions for treatment outcomes except for default and death that were defined according to international definitions, Table 1 . [16] [17] [18] Rural residence and homelessness were defined as in the Population and Household Census. [19] Usage of alcohol (> ten drinks per week), usage of illegal drugs, (marijuana, cocaine and its derivatives, heroin, methamphetamines, hallucinogens, inhalants and other drugs) were defined as in the National Survey of Addictions (NSA). [20] Patients referring to have "known patients with TB" were defined as having had any contact with patients with TB. Patients were considered to have DM if they had received a previous diagnosis from a physician or oral hypoglycemic medication or insulin administration or treatment.
Body mass index was calculated as weight in kilograms divided by the square of the height in metres (kg/m2).
[21] To evaluate health care access, we assessed the distance to the nearest health center and the time elapsed between the onset of symptoms and the beginning of treatment. Molecular fingerprints obtained from first and second or subsequent episodes were compared among recurring and relapsing patients. 
Cure
Treatment completed with disappearance of signs and symptoms and two or more AFB smears or cultures with negative results at the end of therapy.
Treatment completion
Completion of treatment without meeting the criteria to be classified as a cure or a failure.
Death during treatment
Death due to any cause during therapy. [18] Default Interruption of treatment for two consecutive months or more. [18] Transfer out Patient transferred to another institution outside of the study region.
Outcomes after treatment was completed
Recurrence A second or subsequent episode of TB confirmed by AFB smear or culture in a patient with a history of prior treatment.
a Relapse TB disease confirmed by AFB smear or culture that occurred after a patient was considered to have completed treatment or to have been cured. [18] Reinfections Subsequent TB episodes with the same genotype: six or more IS6110 bands in an identical pattern, or < 6 bands with identical IS6110 RFLP patterns and a spoligotype with the same spacer oligonucleotides.
Deaths after TB treatment was completed
Death due to TB Deaths were attributed to TB based on two of the following: death certificate with TB as the main cause of death; interview with a close caregiver who identified TB as a probable cause of death; or positive AFB smear or culture at the time of death.
Death due to any cause
Death without specifying cause a Relapse patients are included within recurrent TB.
HIV testing
Voluntary HIV testing and counseling was offered to all participants. Results were informed to the patient. In case of positive results he/she was referred to receive appropriate treatment.
Testing for HIV was done as per the Mexican HIV Prevention and Control Program using two different tests (UMELISA1HIV 1+2 RECOMBINANT and GENIE FAST HIV Genie™Fast HIV 1/2 BIORAD). All positive results were confirmed by Western blot. [22] Mycobacteriology and genotyping
Following the guidelines of Mexico's National TB Control Program, three sputum samples for each patient were collected at diagnosis, monthly during treatment and when the patient presented with a subsequent episode. We performed Ziehl Neelsen staining, cultures for mycobacteria, species identification, and drug susceptibility testing (DST), following standardized procedures. [23] We used the standard protocol for DST in MGIT 960 (Becton Dickinson Diagnostic instruments, Sparks Md.) followed by the instructions of the manufacturer. The final critical concentrations were 0.1 μg/ml for isoniazid, 1.0 μg/ml for rifampicin, 5.0 μg/ml for ethambutol, and 2.0 μg/ml for streptomycin. BACTEC MGIT 960 DST supplement (0.8 ml) (oleic acid-albumin-dextrose-catalase), 100 μl of the drug stock solution, and 0.5 ml of the suspension containing M. tuberculosis were added to an MGIT. The GC did not contain any drugs. DST sets were entered into the BACTEC MGIT 960 instrument and continuously monitored until a susceptible or resistant result was obtained. The DST set results were reported by the instrument (determined by the software algorithms, once the GC became positive). [24] Tests were conducted prospectively and results were informed to treatment physicians.
Isolates were genotyped and compared using IS6110-based restriction fragment-length polymorphisms (RFLP) and spoligotyping if the isolate's IS6110 RFLP patterns had fewer than 6 bands. [25] Patients were considered "clustered" if two or more isolates from different patients were identified within 12 months of each other and had six or more IS6110 bands in an identical pattern, or < 6 bands with identical IS6110 RFLP patterns and a spoligotype with the same spacer oligonucleotides. Cases with a unique genotype pattern (different from all other molecular fingerprints obtained from isolates in the study population) and the first case diagnosed in each cluster likely arose from the reactivation of latent infection caused by M. tuberculosis strains acquired at a different time or place. [26] Tests were conducted at the Mycobacteriology Laboratory of the Instituto Nacional de Ciencias Médicas y de Nutrición Salvador Zubirán.
Statistical analysis
For this analysis we included patients who harbored strains susceptible to all tested drugs (isoniazid, rifampicin, ethambutol, and streptomycin) (pansusceptible) (n = 716) and IMR strains (n = 88) totaling 804 patients. We excluded patients with all other types of drug resistance and patients on whom we were unable to perform DST and MDR strains were excluded from all analyses.
We compared characteristics of patients with drug susceptibility testing with those of patients without drug susceptibility testing.
Bivariate and multivariate analyses were performed to assess differences between pan-susceptible and IMR patients. Socio-demographic, clinical, diagnostic, treatment outcome and follow-up characteristics were analyzed.
We analyzed associations between IMR and delayed sputum conversion (after 60 days or more) and treatment failure using multivariate unconditional logistic regression. Variables with p 0.20 in the bivariate analysis and biological plausibility were included in multivariate models. We estimated the odds ratio (OR) and 95% CI, and identified the covariates that were independently associated with each outcome.
We estimated adjusted hazard ratios (aHR) and 95% CI using Cox proportional hazards models to assess the association of IMR with recurrence, death due to any cause and death due to TB. In the recurrence models, the outcome was the time to diagnosis of recurrence from treatment completion of the previous episode in years. In the mortality models, the outcome was the time to death from diagnosis of the first episode in years. The proportional hazards assumption was verified by introducing terms for the interaction between time and covariates into the model.
By bivariate and multivariate analyses, we compared treatment outcomes among patients stratified by type of patients (new and retreated) and by study period (patients diagnosed between 1995 and 1998, and between 1999 and 2010). All data analysis was performed using STATA 13.1.
Ethical approval
Participants provided written informed consent to participate in this study. Ethical approval was obtained from the Ethical Commission of the Instituto Nacional de Salud Pública (approval numbers 527). All participants were referred to health facilities to receive treatment in accordance with the stipulations of the National Program for the Prevention and Control of TB.
Results
Between 1995 and 2010, 1,243 patients older than 15 years were diagnosed with pulmonary TB, of them 902/1,243 (72.57%) had TB drug susceptibility testing. Of patients with DST, 79.38% (716/902) were susceptible to all drugs, 3.22% (29/902) resistant to two drugs (excluding joint resistance to isoniazid and rifampicin); 4.43% (40/902) resistant to both isoniazid and rifampicin and 12.97% (117/902) resistant to a single drug of which 9.75% (88/902) were IMR. For this analysis we included patients who harbored strains susceptible to all drugs (n = 716) and IMR strains (n = 88).
We were unable to culture 27.43% (n = 341) of patients. Reasons included delay in receiving the sample in the laboratory due to remoteness of the patient´s home and consequent low quality of sample. Along the study we implemented strategies to improve sample quality. There were no differences in patients without drug susceptibility test in comparison with patients included in this analysis regarding demographic and epidemiologic characteristics: male gender (56.60% [193/341] Table 4 and multivariate analyses controlled for sociodemographic and clinical variables Table 5 showed that the IMR patients had a higher probability of treatment failure (aHR 12.35, 95% CI (3.38-45.15), p<0.001). Bivariate Table 4 showed that patients with IMR had a significantly greater probability of death due to TB. By Cox adjusted hazards ratios controlled for relevant confounding factors Table 5 , we found that the association between IMR and death due to TB occurred only among HIV negative patients (aHR 3.30, (95%CI 1.00-10.84), p<0.05).
Patients harboring IMR strains had a greater likelihood of failing treatment when we stratified by study period (1995 to 1998 S2 and S3 Tables and 1999 to 2010 S4 and S5 Tables and  type of patients (new S6 and S7 Tables and retreated S8 and S9 Tables) . We were unable to obtain a model for the association of IMR and failure among patients diagnosed between 1995 and 1998 since only one patient failed in the group of patients with IMR. By bivariate analysis we found that retreated patients were more likely to die during treatment and to die due to TB after treatment completion S8 Table. The frequency of recurrence was similar between IMR and pan-susceptible cases (11.3% [9/ 80] versus 7.9% [54/685] p = 0.300) Table 4. Of the 64 IMR patients who cured or completed treatment, seven relapsed; one of these episodes was documented as a reinfection confirmed with RFLP and spoligotyping, three were documented as the same clone (one developed additional resistance to rifampin in a second episode and to streptomycin in a third episode) and three were no further classified. Of the 618 pansusceptible patients, fifty relapsed after cure or treatment completion. Three were reinfected with a different strain (one with IMR), 33 relapsed with the same clone (one developed mono-resistance to streptomycin) and 14 were no further classified.
Discussion
In this prospective cohort study conducted in a low HIV prevalence region, we detected high IMR prevalence (9.75%, [88/902]). Risk factors for IMR were having had any contact with a TB patient and homelessness. Our results show that patients harboring IMR strains were more likely to have unfavorable outcomes. As compared to pan-susceptible cases, patients with IMR were more likely to fail treatment. When we stratified by HIV infection, HIV negative patients with IMR were more likely to die, being TB the main cause of death. We did not observe higher frequency of other unfavorable outcomes such as recurrence, relapse or death due to any cause. All of our patients were treated with WHO standardized schedules for new or retreated patients. Mexican treatment guidelines do not include a specific treatment for patients harboring IMR strains.
There is considerable variability in prevalence of IMR in the literature most probably explained by a variety of surveillance methods, prevalence of TB and drug resistance in study populations, treatment regimens, and type of DST, among other reasons. Our results show a prevalence higher than what has been reported in Pakistan, 2.2% [27] ; Chile, 2.2%; [28] [34] and lower to reports from a tertiary hospital in Taiwan 10.9%. [35] Compared to global estimates, the prevalence of IMR in our study was similar to the upper level of the world estimate of 0.0 to 9.5%. [2] The prevalence in our study was also higher than what was described for Northern Mexico, 4.68% [36] and what was informed in the Mexican drug resistance survey (3.7% [95% CI 2.6%-5.1%]) in 2008-2009 [3] suggesting that these figures might be underestimated.
We found that homelessness and having any contact with a patient with TB were associated to IMR. Our results are in agreement with data from previous studies that have revealed that social and biological determinants such as prior tuberculosis treatment; [3, 7, 32] age; [31, 37] smoking or immigration status; [32] illicit drug use; [34] imprisonment, unemployment, drug dealer or commercial sex [37] were associated to IMR. Homelessness has been found to be associated to treatment default which favors emergence of drug resistance [38] . The finding of having had any contact with a patient with TB may indicate that undetected transmission of IMR might be occurring in our study population.
We found that a considerable proportion of patients harboring IMR strains had unfavorable outcomes as compared to patients with susceptible strains. Our results contrast with a study conducted in San Francisco, USA on 137 IMR patients reporting low rates of treatment failure or relapse, 1.7% for patients with IMR treated with 4 or 5 primary drugs not statistically different from 2.2% for pan-susceptible patients. [7] Another study conducted in Denmark also revealed 20% of unfavorable outcomes among 65 IMR patients. [30] Other studies have revealed unfavorable outcomes for IMR patients. In agreement with our study, a study conducted in Taiwan among 425 pulmonary TB patients caused by IMR strains documented unfavorable outcomes, including death, in 14.2% and treatment failure in 2.8%. [8] Other studies conducted in Taiwan [35] and Peru [34] have also reported unfavorable treatment outcomes (14.9% and 25.9%, respectively).
The WHO's End TB Strategy has proposed that a prerequisite for any national TB programme to reach early diagnosis of TB is a quality-assured laboratory network equipped with rapid diagnostics including the Xpert1 MTB/RIF assay [Cepheid, Sunnyvale, CA, United States]) and conducting culture, line probe assay or phenotypic DST, or a combination of these. [39] WHO has recommended that the decisions to scaling up the implementation of these techniques should be made considering the country's specific epidemiology, the screening strategies used, how to ensure timely access to quality-assured first-line and second-line anti-TB agents, and whether care-delivery mechanisms are appropriate. [40] Mexican TB program officers have taken into consideration Mexico´s low national prevalence of HIV infection (0.2% [0.2-0.3%]) [41] MDR prevalence and resource implications, and therefore, have not scaled up to usage of rapid diagnostic tests. Presently the laboratory network includes one central laboratory performing cultures, identification, DST and molecular techniques and 31 referral laboratories performing liquid or solid cultures. Some of these laboratories also conduct DST to first line drugs. Six hundred thirty-eight laboratories distributed all over the country perform AFB smears and collect samples to be referred to culture and DST. [42] A meta-analysis that evaluated the effects of WHO treatment schedule (2SHRZE/1HRZE/ 5H 3 R 3 E 3 ) for IMR over the rates of failure, relapse and acquired resistance, revealed that in six cohort studies, failure rates were 18%-44% among patients with isoniazid resistance. Among previously treated patients with IMR the combined failure and relapse rates ranged from 0%to over 75%. These authors described that lower failure, relapse and acquired drug resistance rates were associated with longer duration of rifampin, use of streptomycin, daily therapy initially and treatment with a greater number of effective drugs. [9] In our study, the majority of unfavorable outcomes among IMR patients were observed among patients receiving 6 month treatment with 2HRZE/4HR or 2HRZ/4HR. We did not observe differences when treatment was extended to more than 6 months although there were few patients receiving extended treatment. We observed amplification of initial IMR resistance in one patient who relapsed with an MDR strain with the same IS6110 fingerprint as the initial isolate. Several studies have described amplification of resistance in patients prescribed WHO standardized schedule, although amplification of resistance after initial isolation of an IMR strain is infrequent. [43] [44] [45] A study conducted in Peru showed that supplementation with a new fluoroquinolone could improve treatment results in patients who were unable to tolerate the continuous use of rifampicin. [34] We documented that male sex, older age, usage of alcohol, prior TB treatment, diabetes mellitus and HIV infection were covariables independently associated to unfavorable outcomes. Most of these characteristics have been associated to increased failure or death among pulmonary tuberculosis patients in our study area. [14, 15, 46, 47] Few studies have explored covariables associated to unfavorable outcomes when IMR is included as the main independent variable. Comorbidity with cancer and rifampicin interruption [8] and prior TB treatment [35] have been described in two different studies conducted in Taiwan.
Both strengths and weaknesses of this study arise from its extended duration as our study spanned15 years. During this time, two guidelines for treatment of tuberculosis patients were issued in Mexico. The major change was addition of a fourth drug (ethambutol) to the initial phase of treatment. We have therefore stratified our results according to study period. We found that patients harboring IMR strains had an increased likelihood of unfavorable treatment results in both periods. Duration of our study allowed us to find consistent results despite changes in personnel training, patient´s access to timely diagnosis and treatment and other modifications in the health infrastructure that we did not measure. Secondly, since most patients received WHO standard short course chemotherapy, we stratified our patients according to whether they had received prior treatment or were newly diagnosed. We found that patients in all strata had increased likelihood of failure and that retreated patients were more likely to die from TB, although due to small numbers we were only able to conduct bivariate analyses in the group of retreated patients.Thirdly, we were unable to culture and perform DST on all tuberculosis patients diagnosed during the study period. However, we did not find major differences between patients among whom we were able to have DST as compared to those we were unable to study. Fourth, we did not measure adherence to treatment. Finally, we only measured low level resistance and therefore we were unable to identify patients with high level resistance who have been suggested to have better outcomes. [8] In conclusion, the results of our study provide evidence that new and retreated patients with pulmonary TB harboring IMR strains who are treated with WHO standardized treatment schedule with first line drugs are more likely to suffer unfavorable outcomes as compared to susceptible patients. Different alternatives have been proposed such as enhancement of access to accurate drug sensitivity testing, supplementation with newer fluoroquinolones, extended duration of treatment, early detection of isoniazid resistance and treatment tailoring. [8, 48] Supporting Information S1 
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